Collection of the data and the samples: The data were collected using a form that allowed for compilation of information regarding personal details (e.g. age, gender, etc.), prior medical conditions, and the tooth in question. The level of oral-dental hygiene was assessed using the retention index of Björby and Löe [11] . The teeth involved were identified by a clinical examination, and documented further by retroalveolar radiography. An endobuccal connection was probed for using the sensor [9] . The four sides of the causal tooth were surveyed to measure the depth of a potential periodontal pocket. The income of the patients was assessed by assigning them to three categories of professions: patients with low incomes (e.g. farmers, students, pupils, and housewives), patients with high incomes (e.g. business people and private sector employees), and patients with moderate incomes (public sector employees, casual workers, retirees, and others). Following the clinical diagnosis, sampling was carried out according to the method of Rôcas and Siqueira with minor modifications [12] . Briefly, each patient rinsed their oral cavity for several seconds with a 0.12% chlorhexidine solution prior to the sampling. The crown and the lining were disinfected with a 2% chlorhexidine buffer to remove bacterial plaque. The samples (exudates) were obtained via the root canals in which a sterile rubber dam had been previously installed. Sterile paper tips that had been made to fit the canal were used to obtain the samples once the endodontic access cavity had been made using an endo access kit (Dentsply, USA). Sterile paper points No. 15 were introduced at the estimated working length for the removal of exudate. For an apical periodontitis abscess, the inflated mucosa was sanitized with a chlorhexidine buffer 2%. Then, using a mounted sterile syringe, 2 mL of purulent exudate was aspirated at the mucosa inflated above the abscess.
Location, time, and nature of the study treatment. Indeed, it exists in the form of biofilms and, therefore, is more resistant to phagocytosis, antibodies and antimicrobial agents [5] . It is one of the most studied organisms in the field of endodontics [5] . Antibiotics are prescribed routinely by dental surgeons to treat as well as to prevent infections [6] . The technical procedure alone is often enough to solve the problem. But unfortunately this overabundance of prescription contributes to the development of resistance phenomena [6] . It is the same for self-medication, which is widespread in oral diseases and particularly in patients of a low socioeconomic status [7] . Yet low-income populations are most affected by oral-dental diseases [7] . African countries face many development challenges including that of oral health [8] , thereby jeopardizing the effectiveness of antibiotics. Such studies have led to the discovery that many of these bacteria also have a natural resistance to penicillin, cephalosporin, clindamycin, and fluoroquinolones [2] . A large number of these bacterial species have, however, developed acquired resistance to other antibiotics [2] . The rapid emergence of antibiotic resistance is a major complicating factor in the treatment of infections, and it involves the dissemination of multiresistant strains [9] . Thus, the tremendous increase in the prevalence of resistance of Enterococcus and Aerococcus species underscores the need for a better understanding of the process of resistance as well as of the environment, so as to better define their ecology, epidemiology, and virulence in developing countries.
The aim of this study was to determine the prevalence and the antibiotic susceptibility of Enterococcus and Aerococcus strains found in cases of apical periodontitis in Burkina Faso, a major public health problem that has been grossly underestimated in many countries.
Study criteria
The criteria for exclusion were the presence of a tooth that had already undergone endodontic treatment, the presence of a periodontal pocket of 5 mm or more, the presence of a fistula, and all cases of apical periodontitis involving a tooth for which the pulp chamber was exposed to the oral cavity (so as to eliminate all risk of contamination by exogenous bacteria).
Isolation and identification of Aerococcus and Enterococcus: A 10 microliter aliquot of the transported broth was spotted onto Columbia agar supplemented with hemoglobin (Liofilchem, Italy) to probe for Aerococcus, and on Bile Esculine Azide (BEA) agar (bioMérieux, France) to probe for Enterococcus. After 48 to 72 hours of incubation at 37 °C, 2 to 3 colonies suspected of being Aerococcus (white-grey to greenish small-sized colonies) and Enterococcus (small translucent colonies surrounded by a black halo) were replated onto Mueller-Hinton agar (Liofilchem, Italy). After 18-24 hours of incubation at 37 °C, biochemical identification was carried out using API 20 Strep strips (bioMérieux-France). The strips were read according to the manufacturer's recommendations and interpreted using APIWEB version V4.1 software (bioMérieux, France).
Antimicrobial susceptibility: The antibiograms were performed using a 0.5 McFarland standard according to the agar disc diffusion method of Bauer, et al. [13] . After depositing the antibiotics, the plates were incubated at 37 °C for 24 hours. The diameters of the antibiotic sensitivity halos were recorded according to the recommendations of the French Microbiology Society Antibiogram Committee (FMSAC) [14] . Twenty-one antibiotics were used: oxacillin (5 μg 
Probing for broad-spectrum β-lactamases (BSBL):
Strains that were resistant to β-lactams were subjected to investigation of BSBL activity according to the recommendations of the FMSAC [14] . A disk of amoxicillin-clavulanic acid and two disks of third generation cephalosporins (ceftriaxone and cefotaxime) were placed on the bacterial plate separated by a distance of 2 to 3 cm from one another. The presence of BSBL is indicated by a syngergetic effect between the disks, giving rise to an extended halo with the appearance of a "champagne cork" of keyhole.
Statistical analyses: Statistical analyses of the data were carried out using Sphinx Plus 2 5 software (Park Altai's 74650 Chavannes, France). Joint analyses (bivariate) and χ² (Chi-squared) test were used to compare two qualitative variables. Differences were considered to be significant when p < 0.05.
Characteristics of the patients
In total, 63 patients were seen in the setting of medical consultations. Forty-one consulted in regard to acute apical periodontitis (65.1%) and twenty-two for chronic apical periodontitis (34.9%) (p = 0.0167). As 50.8% of the total, the 19-41 years old age group was the most strongly represented in our population. This population was comprised of 57.1% male patients versus 42.9% females (p = 0.2568) ( Table 1 ).
The exudate samples were immediately transferred to a sterile tube containing resazurine thioglycolate broth (Liofilchem, Italy). If the necrosis was dry and there was no exudate, 1 mL of resazurine thioglycolate was injected into the canal using a sterile syringe. This broth was mixed using a 15 file of appropriate working length, and the sample was taken using a sterile paper cone that was left in the canal for about 30 seconds. For a multi-rooted tooth, the sampling was performed in the canal in contact with the periapical infection. The exudate collected was immediately transferred to a sterile tube containing thioglycolate broth resazurin (Liofilchem, Italy). The tubes were placed at 4 °C in an ice chest and then immediately transported to the laboratory for microbiological analyses. The repartition of the patients according to their wealth corresponded to three approximately equally sized groups. That is to say, the patients with low incomes represented 38.1%, those with moderate incomes 31.8%, and those with high incomes 30.2% (p = 0.7).
Results

TOTAL N (%)
Poor oral hygiene was noted for 79.4% of the patients who were assigned a score of 3 (p = 0.0001). Tartar deposits were pronounced with a strong inflammation of the gums (p = 0.0001). Eleven patients received a score or 2, while a score of 1 was assigned to only two patients. Reviewing case histories did not yield any significant findings in regard to prior medical conditions. Indeed, 81% of the patients ignored their prior medical histories (p = 0.0001). Self-medication (started on the day of the consultation), however, was used by 39.7% of the patients (p = 0.1014). The most widely used agents were amoxicillin (15.9%), ampicillin (14.3%), and paracetamol (3.2%). The central incisors of the upper jaw were the teeth that were involved the most often (57.1%).
Prevalence of the isolated microbes
Thirty samples were positive for Aerococcus and Enterococcus (47.6%). In total, 33 strains were isolated, of which 26 were Aerococcus (78.7%) and 7 Enterococcus (21.3%) (p = 0.0009) ( 
Antibiotic sensitivity profile
The Aerococcus strains exhibited resistance to the following antibiotics that were tested: metronidazole (100%), cefixime (76.9%), cefuroxime (76.9%), cefotaxime (76.9%), oxacillin (76.9%), lincomycin (76.9%), trimethoprime-sulfamethoxazole (88.5%), ceftriaxone (84.6%), and penicillin (80.8%) ( Table 4) . In terms of the teeth involved, the central incisors of the upper jaw were found to be the most affected by apical periodontitis (57.1%). In contrast, a prior study in France found that molars (78%), followed by premolars (15%) were involved the most in endodontic inflammatory lesions [15] . The front teeth play an important role in the physical appearance of facial features. Concerns in regard to esthetics could underlie the predominance of the upper jaw incisors in the present study. The occurrence of apical periodontitis in patients appeared to be linked with poor oral-dental hygiene. Similar studies have also noted a correlation between apical periodontitis and poor oral-dental hygiene. The low level of education of the patients could explain the lack of adherence to oral-dental hygiene guidelines, thus promoting the emergence of pathogenic bacteria [16, 17] .
Of the 33 strains isolated in this study, the predomiant bacterial strain was Aerococcus viridans and its involvement in acute apical periodontitis was significant. A similar study that was carried out to characterize the potential virulent microbial strains involved in apical periodontitis isolated 59 microbial strains belonging to 28 bacterial species, including Aerococcus and Enterococcus [18] . The natural habitat of Aerococcus viridans is essentially the environment [19] . This bacterium is often seen as the source of nosocomial infections and, although not part of the oropharyngeal flora, was isolated in odontogenic infections [4] . Long confused with Streptococcus or Staphylococcus and described as such because of their very similar cultural and morphological characteristics, this germ has been scarcely reported in the literature [20] . A study in Tunisia noted the involvement of Enterococcus in oral infections [21] .
The Aerococcus strains exhibited elevated resistance to metronidazole, trimethoprime-sulfamethoxazole, ceftriaxone, penicillin, cefixime, cefuroxime, cefotaxime, oxacillin, and lincomycin. On the other hand, they exhibited good sensitivity toward gentamycin. As for the Enterococcus strains, they were resistant to metronidazole, cefixime, ceftriaxone, and to cefuroxime. Yet they exhibited good sensitivity to amoxicillin-clavulanic acid, ciprofloxacin, amoxicillin, gentamycin, and piperacillin.
As shown by prior studies, the antibiotic resistance profiles of Aerococcus changed rapidly. Until the 1980s, this bacterium was considered to be sensitive to the most commonly used antibiotics at that time, but a recent study has demonstrated that these strains exhibit resistance not only to penicillin, but also to chloramphenicol and antibiotic quinolones [22] . Furthermore, another has shown that Enterococcus strains exhibit a disconcerting degree of resistance to ampicillin (100%), amoxicillin-clavulanic acid (100%), ciprofloxacin (100%), clindamycin (100%), chloramphenicol (100%), streptomycin (100%), gentamicin (100%), rifampicin (100%), erythromycin (100%), and teicoplanin (100%) [20] . Fifty-seven percent of these enterococci were resistant to three of the five classes of antibiotics that were tested. Hence, this indicates the presence of multiresistant Enterococcus strains in a hospital environment [23] . Another study, however, has shown that Enterococcus strains are sensitive to ampicillin and amoxicillin [24] . Thus, resistance to antibiotics could be induced by selective pressure due to inappropriate and extended use of antibiotics [25] . The resistance could otherwise be explained by the presence of virulence and antibiotic resistance genes, which can be transferred to other bacteria in biofilms [24] . Other studies have confirmed the resistance of opportunistic pathogens due to the presence of resistance genes [26] [27] [28] . Several studies have reported findings in regard to the use of antibiotics in the revascularization of immature permanent teeth that exhibit either acute or chronic apical periodontitis [29] . Ciprofloxacin, metronidazole and minocyclin are the group of antibiotics that are most commonly used. Thus, this combination of antibiotics is deposited locally in the canal of the treated tooth [29] . Saber and Hadi have reported in regard to the possible local use of antibiotics to eradicate endocanal bacteria, although this needs to be preceded by an antibiogram [30] . Such local use could sensitize bacteria and lead to the development of resistance.
Conclusion
In this study, Aerococcus strains are the most resistant. Aerococcus viridans is the main species that was isolated. Poor oral-dental health is the most significant risk factor. Teaching of and adherence to oral hygiene guidelines should limit the occurrence of apical periodontitis. Aside from specific circumstances where it is medically warranted, the prescription of antibiotics is not always of use with endodontic apical pathologies. Careful evaluation of their need would limit the danger of increasing antibiotic resistance. In Aerococcus infection, gentamycin is alternative antibiotic. Amoxicillin, ciprofloxacin, amoxicillin-clavulanic acid and gentamycin are alternative antibiotics Enterococcus infection. Given multidrug resistance observed, susceptibility testing before antibiotic treatment will guide the control of antibiotic prescription. This, with basic rules of oral hygiene will improve the care of patients.
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